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Description
BACKGROUND ART

[0001] Patent Document 1 discloses a fuel supply ap-
paratus for a gas turbine engine. The fuel supply appa-
ratus operates a centrifugal pump (low-pressure pump)
and a gear pump (high-pressure pump) by controlling
and driving amotor (electric motor) with a motor controller
(fuel supply control device), and supplies desired fuel to
fuel nozzles through parallel flow passages of a fixed
orifice and a pressurizing valve. Further, the motor con-
troller takes a front-rear differential pressure across the
fixed orifice, that is, the pressurizing valve, which is de-
tected by a differential pressure gauge, as a feedback
signal; and performs the feedback control of the electric
motor on the basis of a difference between the feedback
signal and a command signal that is taken from full au-
thority digital engine control (FADEC) that is a control
device electrically controlling an engine for an airplane
on the basis of the position of a throttle lever and inputs
from various sensors.

Further relevant prior art is described in GB 2 351 777 A.

Citation List
Patent Document

[0002] [Patent Document 1] Japanese Unexamined
Patent Application, FirstPublication No. 2013-231406

DISCLOSURE OF INVENTION
Technical Problem

[0003] The fixed orifice and the pressurizing valve
function as a metering valve, but there is a possibility that
the front-rear differential pressure may be unstable in a
high flow-rate range where the pressurizing valve is
opened. Accordingly, there is a possibility that it may be
difficult to perform stable fuel supply control in the high
flow-rate range where the pressurizing valve is opened
in the fuel supply control device in the related art.
[0004] The disclosure has been made in consideration
of the above-mentioned circumstances, and an object of
the disclosure is to achieve stable fuel supply control in
a high flow-rate range where a pressurizing valve is
opened.

Solution to Problem

[0005] In order to solve the aforementioned problems,
it is provided according to a first aspect a fuel supply
control device, which has the features defined in claim
1. Furtheritis provided a fuel supply control device having
the features defined in claim 6. Further preferred embod-
iments are defined in the dependent claims.
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Advantageous Effects of Invention

[0006] According to the disclosure, it is possible to
achieve stable fuel supply control in a high flow-rate
range where a pressurizing valve is opened.

BRIEF DESCRIPTION OF DRAWINGS
[0007]

FIG. 1is adiagram showing the system configuration
of a fuel supply apparatus of an embodiment of the
disclosure.

FIG. 2is a block diagram showing the functional con-
figuration of a fuel supply control device according
to an embodiment of the disclosure.

FIG. 3is a block diagram showing the functional con-
figuration of a fuel supply control device according
to a modification example of the embodiment of the
disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0008] An embodiment of the disclosure will be de-
scribed below with reference to drawings.

[0009] A fuel supply apparatus F of this embodiment
will be described first with reference to FIG. 1. The fuel
supply apparatus F is a device that supplies fuel to a gas
turbine G as shown in FIG. 1, and supplies a desired
amount of fuel to a plurality of fuel nozzles N of a com-
bustor (not shown) of the gas turbine G.

[0010] The gas turbine G is an internal combustion en-
gine provided in an airplane as a thrust source for flight,
and is a jet engine that obtains a thrust by jetting com-
bustion exhaust gas, which is obtained from the combus-
tor, rearward. That is, the fuel supply apparatus F is a
device that is provided in an airplane.

[0011] As shown in FIG. 1, the fuel supply apparatus
F includes a fuel tank 1, a low-pressure pump 2, a high-
pressure pump 3, an electric motor 4, apressurizing valve
5, an orifice 6, a differential pressure gauge 7, and a fuel
supply control device 8. The fuel tank 1 is a container
storing a predetermined amount of fuel, and supplies fuel
to the low-pressure pump 2. The low-pressure pump 2
is a centrifugal pump (non-positive-displacement pump)
that pumps fuel out of the fuel tank 1, increases the pres-
sure of the fuel up to a predetermined pressure, and dis-
charges the fuel to the high-pressure pump 3.

[0012] The high-pressure pump 3 is a gear pump (pos-
itive-displacement pump) that increases the pressure of
the low-pressure fuel supplied from the low-pressure
pump 2 and discharges the fuel to the respective fuel
nozzles N as high-pressure fuel. The high-pressure
pump 3 is a fuel supply pump of this embodiment that
finally sets the amount of fuel to be supplied (fuel supply
amount) to the gas turbine G (fuel nozzles N) from the
fuel supply apparatus F.

[0013] The electric motor 4 is a power source that ro-
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tationally drives the low-pressure pump 2 and the high-
pressure pump 3. The output shaft (drive shaft) of the
electric motor 4 is coupled to the rotating shaft (driven
shaft) of the low-pressure pump 2 and the rotating shaft
(driven shaft) of the high-pressure pump 3 through a pre-
determined coupler (not shown). That is, a certain cor-
relation is satisfied between the rotation speed of the
electric motor 4 (motor-rotation speed) and the rotation
speed of each of the low-pressure pump 2 and the high-
pressure pump 3. Further, the electric motor 4 outputs
the motor-rotation speed, which is the rotation speed
thereof, to the fuel supply control device 8 as a first de-
tection signal. In this embodiment, for convenience’s
sake, the motor-rotation speed is treated as the rotation
speed of the fuel supply pump.

[0014] The pressurizing valve 5is provided at a middle
portion of a fuel pipe that connects the outlet of the high-
pressure pump 3 to the inlets of the fuel nozzles N. The
pressurizing valve 5 is closed in a case where the amount
of fuel to be discharged from the high-pressure pump 3
is relatively small, and is opened in a case where the
amount of fuel to be discharged from the high-pressure
pump 3 exceeds a predetermined value. As with the pres-
surizing valve 5, the orifice 6 is provided at the middle
portion of the fuel pipe that connects the outlet of the
high-pressure pump 3 to the inlets of the fuel nozzles N.
[0015] As shown in FIG. 1, the pressurizing valve 5
and the orifice 6 form parallel flow passages through the
fuel pipe. That is, both the inlet of the pressurizing valve
5 and the inlet of the orifice 6 are connected to the outlet
of the high-pressure pump 3 through the fuel pipe, and
both the outlet of the pressurizing valve 5 and the outlet
of the orifice 6 are connected to the inlets of the fuel
nozzles N through the fuel pipe. The pressurizing valve
5 and the orifice 6 constitute a metering valve that detects
the flow rate of fuel (fuel supply amount) to be supplied
to the fuel nozzles N from the high-pressure pump 3.
[0016] Thedifferential pressure gauge 7 is adifferential
pressure transmitter that detects differential pressure be-
tween the upstream side (inlet side) and the downstream
side (outlet side) of each of the pressurizing valve 5 and
the orifice 6 as a front-rear differential pressure. This
front-rear differential pressure is pressure amount that
changes depending on the flow rate of fuel, that is, a
motor-rotation speed; thatis, a physical quantity that cor-
responds to the flow rate of fuel. The differential pressure
gauge 7 outputs the front-rear differential pressure to the
fuel supply control device 8 as a second detection signal.
[0017] The fuel supply control device 8 controls the
electric motor 4 on the basis of the first detection signal
(motor-rotation speed) and the second detection signal
(front-rear differential pressure) having been described
above and a control target value. The fuel supply control
device 8 is a software control device that generates an
operation amount of the electric motor 4 by executing a
predetermined rewritable control program with predeter-
mined hardware. The hardware includes a storage de-
vice that stores a control program and the like, a central
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processing unit (CPU) that directly executes a control
program, an interface circuit and the like thatis interposed
between the CPU and the electric motor 4 and between
the CPU and the differential pressure gauge 7 and trans-
mits and receives various signals. Further, the fuel supply
control device 8 is electrically connected to the electric
motor 4 and the differential pressure gauge 7.

[0018] The fuel supply control device 8 includes a dif-
ferential pressure-fuel supply amount conversion table
8a, a rotation speed-fuel supply amount conversion table
8b, a leakage amount estimation unit 8c, an adder 8d, a
switching logic circuit 8e, a selection switch 8f, a subtrac-
tor 8g, and a control calculation unit 8h shown in FIG. 2,
as functional components that are embodied by the co-
operation of the control program (software) and the hard-
ware.

[0019] The differential pressure-fuel supply amount
conversion table 8a is a control table showing a relation-
ship between the front-rear differential pressure that is
input from the differential pressure gauge 7 as the second
detection signal and the amount of fuel (fuel supply
amount) to be supplied to the fuel nozzles N (gas turbine
G) from the fuel supply apparatus F. That is, the differ-
ential pressure-fuel supply amount conversion table 8a
includes a plurality of fuel supply amount data (data
group) that correspond to a plurality of front-rear differ-
ential pressure values over a predetermined range and
are acquired in advance, and outputs a fuel supply
amount, which corresponds to the front-rear differential
pressure, to the selection switch 8f as a first control
amount S1 by searching the data group on the basis of
the front-rear differential pressure input from the differ-
ential pressure gauge 7. That is, the differential pressure-
fuel supply amount conversion table 8a outputs the
amount of fuel (fuel supply amount) to be supplied to the
fuel nozzles N (gas turbine G) from the fuel supply ap-
paratus F, which is generated due to a specific front-rear
differential pressure, to the selection switch 8f as the first
control amount S1. The differential pressure-fuel supply
amount conversion table 8a is a first control amount gen-
eration unit that generates the first control amount S1 on
the basis of the front-rear differential pressure input from
the differential pressure gauge 7.

[0020] The rotation speed-fuel supply amount conver-
sion table 8b is a control table showing a relationship
between the motor-rotation speed that is input from the
electric motor 4 as the first detection signal and the fuel
supply amount. That is, the rotation speed-fuel supply
amount conversion table 8b includes a plurality of fuel
supply amount data (data group) that correspond to a
plurality of motor-rotation speed values over a predeter-
mined range and are acquired in advance, and outputs
a fuel supply amount, which corresponds to the motor-
rotation speed, by searching the data group on the basis
of the motor-rotation speed input from the electric motor
4. That s, the rotation speed-fuel supply amount conver-
sion table 8b outputs the amount of fuel (fuel supply
amount) to be supplied to the fuel nozzles N (gas turbine
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G) from the fuel supply apparatus F which is generated
due to a specific motor-rotation speed.

[0021] The leakage amount estimation unit 8c stores
the estimation value of the leakage of fuel acquired in
advance about the gear pump (positive-displacement
pump) that is the high-pressure pump 3. The leakage of
liquidto be discharged is generally smallin the gear pump
and the gear pump is excellent in linearity between a
rotation speed and the amount of discharged liquid, but
liquid may slightly leak from the gear pump due to a sec-
ular change or the like. The leakage amount estimation
unit 8c calculates the estimation value of the leakage
amount of fuel (leakage estimation value) on the basis
of, for example, the initial leakage of the high-pressure
pump 3 and the change factor for leakage, such as the
operating time of the high-pressure pump 3, and outputs
the calculated estimation value to the adder 8d.

[0022] The adder 8d adds the leakage estimation val-
ue, which is input from the leakage amount estimation
unit 8c, to the fuel supply amount, which is input from the
rotation speed-fuel supply amount conversion table 8b,
to correct the fuel supply amount, and outputs the cor-
rected fuel supply amount, which is the result of the ad-
dition, to the selection switch 8f as a second control
amount S2. That is, since the fuel supply amount corre-
sponding to the motor-rotation speed is corrected by the
leakage estimation value, the second control amount S2
represents a fuel supply amount that is closer to the ac-
tual amount of fuel discharged from the high-pressure
pump 3 than the fuel supply amount corresponding to
the motor-rotation speed.

[0023] The rotation speed-fuel supply amount conver-
sion table 8b, the leakage amount estimation unit 8c, and
the adder 8d constitute a second control amount gener-
ation unit that generates the second control amount S2
on the basis of a pump-rotation speed input from the elec-
tric motor 4.

[0024] The switching logic circuit 8e is a logic circuit
that generates a switching signal C on the basis of the
motor-rotation speed. That s, in a case where the motor-
rotation speed is equal to or lower than a predetermined
switching threshold, the switching logic circuit 8e gener-
ates a switching signal C causing the selection switch 8f
to select the first control amount S1. In a case where the
motor-rotation speed exceeds the switching threshold,
the switching logic circuit 8e generates a switching signal
C causing the selection switch 8f to select the second
control amount S2 instead of the first control amount S1.
[0025] Here, the switching threshold is set to a motor-
rotation speed thatis immediately before the above-men-
tioned pressurizing valve 5 is opened. That is, in a state
where the pressurizing valve 5 is closed, that is, in a low
flow-rate range where the flow rate of fuel is relatively
low, the switching logic circuit 8e generates a switching
signal C causing the selection switch 8f to select the first
control amount S1 and outputs the switching signal C to
the selection switch 8f. On the other hand, in a state
where the pressurizing valve 5 is opened from a state
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immediately before the pressurizing valve 5 is opened,
that is, in a high flow-rate range where the flow rate of
fuel is relatively high, the switching logic circuit 8e gen-
erates a switching signal C causing the selection switch
8f to select the second control amount S2 and outputs
the switching signal C to the selection switch 8f.

[0026] Further, to avoid the instability of a switching
operation in a case where the motor-rotation speed
changes near the switching threshold, that is, to avoid a
phenomenon where the first control amount S1 and the
second control amount S2 are frequently switched, the
switching logic circuit 8e uses different values as a
switching threshold employed in a case where the motor-
rotation speed tends to increase and a switching thresh-
old employed in a case where the motor-rotation speed
tends to decrease. That is, the switching logic circuit 8e
allows the switching operation between the first control
amount S1 and the second control amount S2 to have
hysteresis characteristics.

[0027] The selection switch 8f alternatively selects the
first control amount S1 or the second control amount S2
on the basis of the switching signal C. The selection
switch 8f outputs the control amount, which is selected
by the selection switch 8f, (the first control amount S1 or
the second control amount S2) to the subtractor 8g. The
selection switch 8f and the switching logic circuit 8e con-
stitute a control amount selection unit of this embodiment.
[0028] The subtractor 8g calculates a deviation (fuel
supply amount deviation) of the output (fuel supply
amount) of the selection switch 8f from the control target
value (the control target value about the flow rate of fuel)
input from FADEC, and outputs the fuel supply amount
deviation to the control calculation unit 8h. The control
calculation unit 8h generates an operation amount of the
electric motor 4 by performing predetermined calculation
processing (PID calculation processing) on the fuel sup-
ply amount deviation input from the subtractor 8g. Here,
since the high-pressure pump 3 is rotationally driven by
the electric motor 4, the operation amount generated by
the control calculation unit 8h is the operation amount of
the electric motor 4 and is also the operation amount of
the high-pressure pump 3.

[0029] Subsequently, the operation of the fuel supply
control device 8 according to this embodiment will be
described in detail.

[0030] The fuel supply control device 8 generates an
operation amount of the electric motor 4 (high-pressure
pump 3) to allow a fuel supply amount to be equal to the
control target value and outputs the operation amount to
the high-pressure pump 3 (fuel supply pump) to perform
the feedback control of the high-pressure pump 3 as a
basic operation. That is, a deviation calculated by the
subtractor 8g of the fuel supply control device 8 is input
to the control calculation unit 8h, so that an operation
amount allowing the fuel supply amount to be equal to
the control target value is generated.

[0031] Here, inthe fuel supply control device 8, the first
control amount S 1 or the second control amount S2 se-
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lected by the selection switch 8fis input to the subtractor
8g as a control amount. Further, the selection of the con-
trol amount performed by the selection switch 8f is per-
formed on the basis of the switching signal C. The switch-
ing signal C causes the selection switch 8f to select the
firstcontrolamount S 1ina case where the motor-rotation
speed is equal to or lower than a predetermined switching
threshold, and causes the selection switch 8f to select
the second control amount S2 instead of the first control
amount S1 in a case where the motor-rotation speed ex-
ceeds the switching threshold.

[0032] That is, in a case where the motor-rotation
speed is equal to or lower than the switching threshold,
that is, in a low-flow rate range where the pressurizing
valve 5 is closed and a fuel supply amount is relatively
small, the feedback control of the high-pressure pump 3
is performed so that the first control amount S 1 gener-
ated by the differential pressure-fuel supply amount con-
version table 8a (first control amount generation unit) on
the basis of a front-rear differential pressure across the
metering valve is equal to the control target value.
[0033] On the other hand, in a case where the motor-
rotation speed exceeds the switching threshold, that is,
in a high flow-rate range where a fuel supply amount is
relatively large which is in a state where the pressurizing
valve 5 is opened from a state immediately before the
pressurizing valve 5 is opened, the feedback control of
the high-pressure pump 3 is performed so that the second
control amount S2 generated by the second control
amount generation unit (the rotation speed-fuel supply
amount conversion table 8b, the leakage amount esti-
mation unit 8c, and the adder 8d) on the basis of the
motor-rotation speed and the leakage estimation value
without using the front-rear differential pressure across
the metering valve is equal to the control target value.
[0034] According to this embodiment, since the feed-
back control of the high-pressure pump 3 is performed
using the second control amount S2 generated on the
basis of the motor-rotation speed and the leakage esti-
mation value in a high flow-rate range after the pressu-
rizing valve 5 is opened, stable fuel supply control can
be achieved in the high flow-rate range.

[0035] Further, according to this embodiment, since
the feedback control of the high-pressure pump 3 is per-
formed using the first control amount S1 generated on
the basis of the front-rear differential pressure across the
metering valve in a low flow-rate range where the pres-
surizing valve 5 is closed, stable fuel supply control can
be achieved even in the low flow-rate range.

[0036] Furthermore, according to this embodiment,
since the first control amount S1 is generated using the
differential pressure-fuel supply amount conversion table
8a (first control amount generation unit), the first control
amount S 1 is a control amount that corresponds to an
actual fuel supply amount with high accuracy. Therefore,
according to this embodiment, highly accurate fuel supply
control can be achieved in a low flow-rate range before
the pressurizing valve 5 is opened.
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[0037] Further, according to this embodiment, since
the second control amount S2 is generated using the
rotation speed-fuel supply amount conversion table 8b,
the second control amount S2 is a control amount that
corresponds to an actual fuel supply amount with high
accuracy. Therefore, according to this embodiment,
highly accurate fuel supply control can be achieved in a
high flow-rate range after the pressurizing valve 5 is
opened.

[0038] Furthermore, according to this embodiment,
since the leakage amount estimation unit 8c and the
adder 8d are provided in addition to the rotation speed-
fuel supply amount conversion table 8b, the second con-
trol amount S2 based on not only the motor-rotation
speed butalso the leakage estimation value is generated.
Therefore, according to this embodiment, a fuel supply
amount corresponding to an actual fuel supply amount
with high accuracy can be generated. As a result, more
highly accurate fuel supply control can be achieved in a
high flow-rate range after the pressurizing valve 5 is
opened.

[0039] The disclosure is not limited to each embodi-
ment, and, for example, the following modification exam-
ples are considered.

(1) The motor-rotation speed is treated as the rota-
tion speed of the fuel supply pump in the embodi-
ment, but the disclosure is not limited thereto. For
example, a rotation sensor for detecting the rotation
speed of the high-pressure pump 3 may be provided
and the output of the rotation sensor may be taken
as the rotation speed of the fuel supply pump.

[0040] Further, as shown in FIG. 3 showing a modifi-
cation example of the embodiment of the disclosure, a
signal (engine rotation speed signal) representing the ro-
tation speed of the gas turbine G may be taken from
FADEC. In this case, the switching logic circuit 8e of the
embodiment may be a logic circuit that generates a
switching signal C on the basis of the rotation speed of
the gas turbine G instead of the motor-rotation speed.
Further, the selection switch 8f may alternatively select
the first control amount S 1 or the second control amount
S2 on the basis of the switching signal C and the rotation
speed of the gas turbine G instead of the motor-rotation
speed. Even in this case, the selection switch 8f and the
switching logic circuit 8e constitute a control amount se-
lection unit of the modification example of the embodi-
ment of the disclosure. Since other configuration is the
same as that of the embodiment, detailed description
thereof will be omitted.

[0041] (2) The control calculation unit 8h performing
PID calculation processing on a fuel supply amount de-
viation is employed in the embodiment, but the disclosure
is not limited thereto. Various kinds of processing are
considered as the control calculation processing of the
control calculation unit 8h in addition to simple PID cal-
culation processing.
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(3) The gas turbine G is a destination to which

fuel is supplied in the embodiment, but the disclosure is
not limited thereto.

Industrial Applicability

[0043] According to the fuel supply control device of
the disclosure, stable fuel supply control can be achieved
in a high flow-rate range after the pressurizing valve is
opened.

Reference Signs List

[0044]

O~NoOaRWNZ@MT

oo
)

(o2}
(o

8c

8d
8e

8f
8g
8h

Fuel supply apparatus

Gas turbine

Fuel nozzle

Fuel tank

Low-pressure pump

High-pressure pump (fuel supply pump)

Electric motor

Pressurizing valve

Orifice

Differential pressure gauge

Fuel supply control device

Differential pressure-fuel supply amount conver-
sion table (first control amount generation unit)
Rotation speed-fuel supply amount conversion ta-
ble (second control amount generation unit)
Leakage amount estimation unit (second control
amount generation unit)

Adder (second control amount generation unit)
Switching logic circuit (control amount selection
unit)

Selection switch (control amount selection unit)
Subtractor

Control calculation unit

Claims

A fuel supply control device (8) for a gas turbine (G)
that is configured to control a fuel supply pump (3)
on the basis of a front-rear differential pressure
across a metering valve for a fuel supply amount,
which is detected by a differential pressure gauge
(7), using parallel flow passages of an orifice (6) and
a pressurizing valve (5) as the metering valve, the
fuel supply control device (8) comprising:

a first control amount generation unit (8a) that
is configured to generate a first control amount
on the basis of the front-rear differential pres-
sure; and

a second control amount generation unit (8b, 8c,
8d) that is configured to generate a second con-
trol amount on the basis of a rotation speed of
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the fuel supply pump (3), characterized in that
the fuel supply control device (8) further com-
prises:

a control amount selection unit (8e, 8f) that
is configured to alternatively select the first
control amount or the second control
amount on the basis of the rotation speed
and to output the selected control amount;
a subtractor (8g) that is configured to calcu-
late a deviation of an output of the control
amount selection unit (8e, 8f) from a control
target value and to output the deviation; and
a control calculation unit (8h) that is config-
ured to calculate an operation amount of the
fuel supply pump (3) on the basis of an out-
put of the subtractor (8g),

wherein the control amount selection unit
(8e, 8f) is configured to select the first con-
trol amount in a case where the rotation
speed is equal to or lower than a predeter-
mined threshold and to select the second
control amount instead of the first control
amount in a case where the rotation speed
exceeds the threshold.

The fuel supply control device (8) according to claim
1,

wherein the first control amount generation unit (8a)
is configured to generate the first control amount on
the basis of a differential pressure-fuel supply
amount conversion table (8a) showing a relationship
between the front-rear differential pressure and a
flow rate of fuel.

The fuel supply control device (8) according to claim
1or2,

wherein the second control amount generation unit
(8b) is configured to generate the second control
amount on the basis of a rotation speed-fuel supply
amount conversion table (8b) showing a relationship
between the rotation speed and a flow rate of fuel.

The fuel supply control device (8) according to claim
3,

wherein the second control amount generation unit
(8b) is configured to generate the second control
amount by correcting an output of the rotation speed-
fuel supply amount conversion table (8b) on the ba-
sis of an estimation value of leakage amount of fuel
acquired in advance about the fuel supply pump (3).

The fuel supply control device (8) according to any
one of claims 1 to 4,

wherein the second control amount generation unit
(8b) is configured to generate the second control
amount by taking a rotation speed of a motor (4),
which drives the fuel supply pump (3), as the rotation



11 EP 3 712 415 B1 12

speed of the fuel supply pump (3).

A fuel supply control device (8) for a gas turbine (G)
that is configured to control a fuel supply pump (3)
on the basis of a front-rear differential pressure
across a metering valve for a fuel supply amount,
which is detected by a differential pressure gauge
(7), using parallel flow passages of an orifice (6) and
a pressurizing valve (5) as the metering valve, the
fuel supply control device (8) comprising:

a first control amount generation unit (8a) that
is configured to generate a first control amount
on the basis of the front-rear differential pres-
sure; and

a second control amount generation unit (8b, 8c,
8d) that is configured to generate a second con-
trol amount on the basis of a rotation speed of
the fuel supply pump (3), characterized in that
the fuel supply control device (8) further com-
prises:

a control amount selection unit (8e, 8f) that
is configured to alternatively select the first
control amount or the second control
amount on the basis of a rotation speed of
the gas turbine (G) and to output the select-
ed control amount;

a subtractor (8g) that is configured to calcu-
late a deviation of the output of the control
amount selection unit (8e, 8f) from a control
target value and to output the deviation; and
a control calculation unit (8h) that is config-
ured to calculate an operation amount of the
fuel supply pump (3) on the basis of the out-
put of the subtractor (8g),

wherein the control amount selection unit
(8e, 8f) is configured to select the first con-
trol amount in a case where the rotation
speed of the gas turbine is equal to or lower
than a predetermined threshold and to se-
lect the second control amount instead of
the first control amount in a case where the
rotation speed of the gas turbine exceeds
the threshold.

The fuel supply control device (8) according to claim
6,

wherein the first control amount generation unit (8a)
is configured to generate the first control amount on
the basis of a differential pressure-fuel supply
amount conversion table (8a) showing a relationship
between the front-rear differential pressure and a
flow rate of fuel.

The fuel supply control device (8) according to claim
6or7,
wherein the second control amount generation unit
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10.

1.

(8b) is configured to generate the second control
amount on the basis of a rotation speed-fuel supply
amount conversion table (8b) showing a relationship
between the rotation speed and a flow rate of fuel.

The fuel supply control device (8) according to claim
8,

wherein the second control amount generation unit
(8b) is configured to generate the second control
amount by correcting an output of the rotation speed-
fuel supply amount conversion table (8b) on the ba-
sis of an estimation value of leakage amount of fuel
acquired in advance about the fuel supply pump (3).

The fuel supply control device (8) according to any
one of claims 6 to 9,

wherein the second control amount generation unit
(8b) is configured to generate the second control
amount by taking a rotation speed of a motor (4),
which drives the fuel supply pump (3), as the rotation
speed of the fuel supply pump (3).

The fuel supply control device (8) according to any
one of claims 1 to 10,

wherein the control calculation unit (8b) is configured
to calculate the operation amount of the fuel supply
pump (3) by performing PID calculation processing
on the output of the subtractor (8g).

Patentanspriiche

1.

Kraftstoffversorgungssteuervorrichtung (8) fur eine
Gasturbine (G), die konfiguriert ist, eine Kraftstoff-
versorgungspumpe (3) basierend auf einem von ei-
nem Differenzdruckmesser (7) detektierten Vorder-
seite-Ruckseiten-Differenzdruck Uber ein Dosier-
ventil fur eine Kraftstoffversorgungsmenge hinweg
unter Verwendung von parallelen Strémungskana-
len einer Messblende (6) und eines Druckbeauf-
schlagungsventils (5) als das Dosierventil zu steu-
ern, wobei die Kraftstoffversorgungssteuervorrich-
tung (8) umfasst:

eine erste SteuergréfRenerzeugungseinheit
(8a), die konfiguriert ist, basierend auf dem Vor-
derseite-Ruckseiten-Differenzdruck eine erste
SteuergréfRe zu erzeugen; und

eine zweite SteuergréfRenerzeugungseinheit
(8b, 8c, 8d), die konfiguriert ist, basierend auf
einer Drehzahl der Kraftstoffversorgungspumpe
(3) eine zweite SteuergréRe zu erzeugen, da-
durch gekennzeichnet, dass

die Kraftstoffversorgungssteuervorrichtung (8)
ferner umfasst:

eine SteuergréRenauswahleinheit (8e, 8f),
die konfiguriert ist, die erste SteuergréRe
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oder die zweite SteuergréRe basierend auf
der Drehzahl alternativ auszuwahlen und
die ausgewahlte SteuergréRe auszugeben;
einen Subtrahierer (8g), der konfiguriert ist,
eine Abweichung einer Ausgabe der Steu-
ergroRenauswahleinheit (8¢, 8f) von einem
Steuersollwert zu berechnen und die Ab-
weichung auszugeben; und

eine Steuerberechnungseinheit (8h), die
konfiguriert ist, eine Betriebsmenge der
Kraftstoffversorgungspumpe (3) basierend
auf einer Ausgabe des Subtrahierers (89)
zu berechnen,

wobei die SteuergréRenauswahleinheit
(8e, 8f) konfiguriert ist, in einem Fall, in dem
die Drehzahl gleich oder niedriger als ein
vorbestimmter Schwellenwert ist, die erste
Steuergrofle auszuwahlen und in einem
Fall, in dem die Drehzahl den Schwellen-
wert Uberschreitet, anstelle der ersten Steu-
ergroRe die zweite Steuergrofie auszuwah-
len.

Kraftstoffversorgungssteuervorrichtung (8) nach
Anspruch 1,

wobei die erste SteuergrofRenerzeugungseinheit
(8a) konfiguriert ist, die erste Steuergrofie basierend
auf einer Differenzdruck-Kraftstoffversorgungsmen-
gen-Umrechnungstabelle (8a) zu erzeugen, die eine
Beziehung zwischen dem Vorderseite-Ruckseiten-
Differenzdruck und einer Kraftstoffstromungsge-
schwindigkeit zeigt.

Kraftstoffversorgungssteuervorrichtung (8) nach
Anspruch 1 oder 2,

wobei die zweite SteuergrofRenerzeugungseinheit
(8b) konfiguriert ist, die zweite SteuergroRe basie-
rend auf einer Drehzahl-Kraftstoffversorgungsmen-
gen-Umrechnungstabelle (8b) zu erzeugen, die eine
Beziehung zwischen der Drehzahl und einer Kraft-
stoffstromungsgeschwindigkeit zeigt.

Kraftstoffversorgungssteuervorrichtung (8) nach
Anspruch 3,

wobei die zweite Steuergrofienerzeugungseinheit
(8b) konfiguriert ist, die zweite Steuergrofie zu er-
zeugen, indem sie eine Ausgabe der Drehzahl-Kraft-
stoffversorgungsmengen-Umrechnungstabelle (8b)
basierend auf einem im Voraus uber die Kraftstoff-
versorgungspumpe (3) erlangten Leckagemengen-
schatzwert des Kraftstoffs korrigiert.

Kraftstoffversorgungssteuervorrichtung (8) nach ei-
nem der Anspriiche 1 bis 4,

wobei die zweite SteuergrofRenerzeugungseinheit
(8b) konfiguriert ist, die zweite Steuergrofie zu er-
zeugen, indem sie eine Drehzahl eines Motors (4),
der die Kraftstoffversorgungspumpe (3) antreibt, als
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die Drehzahl der Kraftstoffversorgungspumpe (3)
verwendet.

Kraftstoffversorgungssteuervorrichtung (8) fur eine
Gasturbine (G), die konfiguriert ist, eine Kraftstoff-
versorgungspumpe (3) basierend auf einem von ei-
nem Differenzdruckmesser (7) detektierten Vorder-
seite-Ruckseiten-Differenzdruck Uber ein Dosier-
ventil fur eine Kraftstoffversorgungsmenge hinweg
unter Verwendung von parallelen Strémungskana-
len einer Messblende (6) und eines Druckbeauf-
schlagungsventils (5) als das Dosierventil zu steu-
ern, wobei die Kraftstoffversorgungssteuervorrich-
tung (8) umfasst:

eine erste SteuergréfRenerzeugungseinheit
(8a), die konfiguriert ist, basierend auf dem Vor-
derseite-Ruckseiten-Differenzdruck eine erste
Steuergréfle zu erzeugen; und

eine zweite SteuergréfRenerzeugungseinheit
(8b, 8c, 8d), die konfiguriert ist, basierend auf
einer Drehzahl der Kraftstoffversorgungspumpe
(3) eine zweite SteuergréRe zu erzeugen, da-
durch gekennzeichnet, dass die Kraftstoffver-
sorgungssteuervorrichtung (8) ferner umfasst:

eine SteuergréRenauswahleinheit (8e, 8f),
die konfiguriert ist, die erste SteuergroRe
oder die zweite SteuergrofRe basierend auf
einer Drehzahl der Gasturbine (G) alternativ
auszuwahlen und die ausgewahlte Steuer-
gréRe auszugeben;

einen Subtrahierer (8g), der konfiguriert ist,
eine Abweichung der Ausgabe der Steuer-
gréRenauswahleinheit (8e, 8f) von einem
Steuersollwert zu berechnen und die Ab-
weichung auszugeben; und

eine Steuerberechnungseinheit (8h), die
konfiguriert ist, eine Betriebsmenge der
Kraftstoffversorgungspumpe (3) basierend
auf der Ausgabe des Subtrahierers (8g) zu
berechnen,

wobei die SteuergréRenauswahleinheit
(8e, 8f) konfiguriertist, in einem Fall, in dem
die Drehzahl der Gasturbine gleich oder
niedriger als ein vorbestimmter Schwellen-
wert ist, den ersten Steuerbetrag auszu-
wahlen und in einem Fall, in dem die Dreh-
zahl der Gasturbine den Schwellenwert
Uberschreitet, anstelle des ersten Steuer-
betrags den zweiten Steuerbetrag auszu-
wahlen.

Kraftstoffversorgungssteuervorrichtung (8) nach
Anspruch 6,

wobei die erste SteuergréfRenerzeugungseinheit
(8a) konfiguriertist, die erste Steuergrof3e basierend
auf einer Differenzdruck-Kraftstoffversorgungsmen-
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gen-Umrechnungstabelle (8a) zu erzeugen, die eine
Beziehung zwischen dem Vorderseite-Ruckseiten-
Differenzdruck und einer Kraftstoffstromungsge-
schwindigkeit zeigt.
Kraftstoffversorgungssteuervorrichtung (8) nach
Anspruch 6 oder 7,

wobei die zweite SteuergrofRenerzeugungseinheit
(8b) konfiguriert ist, die zweite Steuergréfie basie-
rend auf einer Drehzahl-Kraftstoffversorgungsmen-
gen-Umrechnungstabelle (8b) zu erzeugen, die eine
Beziehung zwischen der Drehzahl und einer Kraft-
stoffstromungsgeschwindigkeit zeigt.

Kraftstoffversorgungssteuervorrichtung (8) nach
Anspruch 8,

wobei die zweite Steuergrofienerzeugungseinheit
(8b) konfiguriert ist, die zweite Steuergrofie zu er-
zeugen, indem sie eine Ausgabe der Drehzahl-Kraft-
stoffversorgungsmengen-Umrechnungstabelle (8b)
basierend auf einem im Voraus uber die Kraftstoff-
versorgungspumpe (3) erlangten Leckagemengen-
schatzwert des Kraftstoffs korrigiert.

Kraftstoffversorgungssteuervorrichtung (8) nach ei-
nem der Anspriiche 6 bis 9,

wobei die zweite SteuergrofRenerzeugungseinheit
(8b) konfiguriert ist, die zweite Steuergrofie zu er-
zeugen, indem sie eine Drehzahl eines Motors (4),
der die Kraftstoffversorgungspumpe (3) antreibt, als
die Drehzahl der Kraftstoffversorgungspumpe (3)
verwendet.

Kraftstoffversorgungssteuervorrichtung (8) nach ei-
nem der Anspriiche 1 bis 10,

wobei die Steuerberechnungseinheit (8b) konfigu-
riert ist, die Betriebsmenge der Kraftstoffversor-
gungspumpe (3) zu berechnen, indem sie eine PID-
Berechnungsverarbeitung an der Ausgabe des Sub-
trahierers (8g) ausfiihrt.

Revendications

Dispositif de commande d’alimentation en carburant
(8) pour une turbine a gaz (G) qui est configuré pour
commander une pompe d’alimentation en carburant
(3) en se basant sur une pression différentielle avant-
arriere a travers une soupape doseuse pour une
quantité d’alimentation en carburant qui est détectée
par un manometre différentiel (7), utilisant des pas-
sages d’écoulement paralleles d’'un orifice (6) et
d’'une soupape de mise en pression (5) en tant que
la soupape doseuse, le dispositif de commande d’ali-
mentation en carburant (8) comprenant :

une premiére unité de génération de quantité de
commande (8a) qui est configurée pour générer
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une premiére quantité de commande en se ba-
sant sur la pression différentielle avant-arriéere ;
et

une seconde unité de génération de quantité de
commande (8b, 8c, 8d) qui est configurée pour
générer une seconde quantité de commande en
se basant sur une vitesse de rotation de la pom-
pe d’alimentation en carburant (3), caractérisé
en ce que

le dispositif de commande d’alimentation en car-
burant (8) comprend en outre :

une unité de sélection de quantité de com-
mande (8e, 8f) qui est configurée pour sé-
lectionner alternativement la premiére
quantité de commande ou la seconde quan-
tité de commande en se basant sur la vites-
se de rotation et pour sortir la quantité de
commande sélectionnée ;

un soustracteur (8g) qui est configuré pour
calculer un écart d'une sortie de I'unité de
sélection de quantité de commande (8e, 8f)
a partir d’'une valeur cible de commande et
pour sortir 'écart ; et

une unité de calcul de commande (8h) qui
estconfigurée pour calculer une quantité de
fonctionnement de la pompe d’alimentation
en carburant (3) en se basant sur une sortie
du soustracteur (8g),

dans lequel I'unité de sélection de quantité
de commande (8e, 8f) est configurée pour
sélectionner la premiére quantité de com-
mande dans un cas ou la vitesse de rotation
est inférieure ou égale a un seuil prédéter-
miné et pour sélectionner la seconde quan-
titt de commande au lieu de la premiére
quantité de commande dans un cas ou la
vitesse de rotation dépasse le seuil.

Dispositif de commande d’alimentation en carburant
(8) selon la revendication 1,

dans lequel la premiére unité de génération de quan-
tité de commande (8a) est configurée pour générer
la premiére quantité de commande en se basant sur
un tableau de conversion de quantité d’alimentation
en carburant-pression différentielle (8a) montrant un
lien entre la pression différentielle avant-arriére et
un débit de carburant.

Dispositif de commande d’alimentation en carburant
(8) selon la revendication 1 ou 2,

dans lequel la seconde unité de génération de quan-
tité de commande (8b) est configurée pour générer
la seconde quantité de commande en se basant sur
un tableau de conversion de quantité d’alimentation
en carburant-vitesse de rotation (8b) montrant un
lien entre la vitesse de rotation et un débit de carbu-
rant.
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Dispositif de commande d’alimentation en carburant
(8) selon la revendication 3,

dans lequel la seconde unité de génération de quan-
tité de commande (8b) est configurée pour générer
la seconde quantité de commande en corrigeant une
sortie du tableau de conversion de quantité d’alimen-
tation carburant-vitesse de rotation (8b) en se basant
sur une valeur d’estimation d’'une quantité de fuite
de carburant acquise en avance concernant la pom-
pe d’alimentation en carburant (3).

Dispositif de commande d’alimentation en carburant
(8) selon I'une quelconque des revendications 1 a 4,
dans lequel la seconde unité de génération de quan-
tité de commande (8b) est configurée pour générer
la seconde quantité de commande en prenant une
vitesse de rotation d’'un moteur (4) qui entraine la
pompe d’alimentation en carburant (3) en tant que
la vitesse de rotation de la pompe d’alimentation en
carburant (3).

Dispositif de commande d’alimentation en carburant
(8) pour une turbine a gaz (G) qui est configuré pour
commander une pompe d’alimentation en carburant
(3) en se basant sur une pression différentielle avant-
arriere a travers une soupape doseuse pour une
quantité d’alimentation en carburant qui est détectée
par un manometre différentiel (7), utilisant des pas-
sages d’écoulement paralleles d’'un orifice (6) et
d’'une soupape de mise en pression (5) en tant que
la soupape doseuse, le dispositif de commande d’ali-
mentation en carburant (8) comprenant :

une premiére unité de génération de quantité de
commande (8a) qui est configurée pour générer
une premiére quantité de commande en se ba-
sant sur la pression différentielle avant-arriére ;
et

une seconde unité de génération de quantité de
commande (8b, 8c, 8d) qui est configurée pour
générer une seconde quantité de commande en
se basant sur une vitesse de rotation de la pom-
pe d’alimentation en carburant (3), caractérisé
en ce que

le dispositif de commande d’alimentation en car-
burant (8) comprend en outre :

une unité de sélection de quantité de com-
mande (8e, 8f) qui est configurée pour sé-
lectionner alternativement la premiere
quantité de commande ou la seconde quan-
tité de commande en se basant sur une vi-
tesse de rotation de la turbine a gaz (G) et
pour sortir la quantité de commande
sélectionnée ;

un soustracteur (8g) qui est configuré pour
calculer un écart de la sortie de l'unité de
sélection de quantité de commande (8e, 8f)
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10.

a partir d’'une valeur cible de commande et
pour sortir 'écart ; et

une unité de calcul de commande (8h) qui
estconfigurée pour calculer une quantité de
fonctionnement de la pompe d’alimentation
en carburant (3) en se basant sur la sortie
du soustracteur (8g),

dans lequel I'unité de sélection de quantité
de commande (8e, 8f) est configurée pour
sélectionner la premiére quantité de com-
mande dans un cas ou la vitesse de rotation
de la turbine a gaz est inférieure ou égale
aunseuil prédéterminé et pour sélectionner
la seconde quantité de commande au lieu
de la premiére quantité de commande dans
un cas ou la vitesse de rotation de la turbine
a gaz dépasse le seuil.

Dispositif de commande d’alimentation en carburant
(8) selon la revendication 6,

dans lequel la premiére unité de génération de quan-
tité de commande (8a) est configurée pour générer
la premiére quantité de commande en se basant sur
un tableau de conversion de quantité d’alimentation
carburant-pression différentielle (8a) montrant un
lien entre la pression différentielle avant-arriere et
un débit de carburant.

Dispositif de commande d’alimentation en carburant
(8) selon la revendication 6 ou 7,

dans lequel la seconde unité de génération de quan-
tité de commande (8b) est configurée pour générer
la seconde quantité de commande en se basant sur
un tableau de conversion de quantité d’alimentation
carburant-vitesse de rotation (8b) montrant un lien
entre la vitesse de rotation et un débit de carburant.

Dispositif de commande d’alimentation en carburant
(8) selon la revendication 8,

dans lequel la seconde unité de génération de quan-
tité de commande (8b) est configurée pour générer
la seconde quantité de commande en corrigeantune
sortie du tableau de conversion de quantité d’alimen-
tation carburant-vitesse de rotation (8b) en se basant
sur une valeur d’estimation d’'une quantité de fuite
de carburant acquise en avance concernant la pom-
pe d’alimentation en carburant (3).

Dispositif de commande d’alimentation en carburant
(8) selon I'une quelconque des revendications 6 a 9,
dans lequel la seconde unité de génération de quan-
tité de commande (8b) est configurée pour générer
la seconde quantité de commande en prenant une
vitesse de rotation d’'un moteur (4) qui entraine la
pompe d’alimentation en carburant (3) en tant que
la vitesse de rotation de la pompe d’alimentation en
carburant (3).
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11. Dispositif de commande d’alimentation en carburant
(8) selon I'une quelconque des revendications 1 a
10,
dans lequel 'unité de calcul de commande (8b) est
configurée pour calculer la quantité de fonctionne-
ment de la pompe d’alimentation en carburant (3) en
effectuant un traitement par calcul PID sur la sortie
du soustracteur (8g).
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